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Abstract
Dryland livestock production systems are changing in many parts of the world, as a result of growing human
populations and associated pressure on water and land. Based on a combination of social and natural science
methods, we studied a 30-year transformation process from pastoralism to a livestock-based agro-pastoral system
in northwestern Kenya, with the overall aim to increase the understanding of the ongoing transition towards
intensified agro-pastoralist production systems in dryland East Africa.
Key to this transformation was the use of enclosures for land rehabilitation, fodder production, and land and livestock
management. Enclosures have more soil carbon and a higher vegetation cover than adjacent areas with open grazing.
The level of adoption of enclosures as a management tool has been very high, and their use has enabled agricultural
diversification, e.g. increased crop agriculture, poultry production and the inclusion of improved livestock. Following the
use of enclosures, livelihoods have become less dependent on livestock migration, are increasingly directed towards
agribusinesses and present new opportunities and constraints for women. These livelihood changes are closely associated
with, and depend on, an ongoing privatization of land under different tenure regimes.
The results indicate that the observed transformation provides opportunities for a pathway towards a sustainable
livestock-based agro-pastoral system that could be valid in many dryland areas in East Africa. However, we also show that
emergent risks of conflicts and inequalities in relation to land, triggered by the weakening of collective property rights,
pose a threat to the sustainability of this pathway.
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Background
Changing livestock production systems in East African
dryland
Drylands cover around 40 % of the world, host nearly
one third of its human population and 50 % of the
world’s livestock and have traditionally been used and
managed by pastoralists through communal or common
property rights-based land tenure systems (McDermott
et al. 2010; United Nations Environment Management
Group 2011). In sub-Saharan Africa (SSA), 40 % of the
total available land is utilized by 25 million pastoral and
240 million agro-pastoral farmers, with livestock as the
primary source of livelihoods (Neely et al. 2009). In Kenya,
a substantial part of the expected population increase from
38.6 million in 1999 to some 66 million (http://esa.un.org/
wpp/unpp/p2k0data.asp) in 2030 is expected to take place
in drylands and in dryland urban centres.
Many dryland areas have a history of economic and
political marginalization of pastoralist communities rely-
ing on degraded lands with low productivity, recurrent fam-
ines and resources conflicts (Opiyo et al. 2011). So far, most
government development policies related to pastoralism in
Africa have been based on the paradigm of a Tragedy of the
Commons (Hardin 1968), considering pastoralism as a form
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of land use that is mismanaging dryland resources and being
responsible for land degradation through overgrazing of
communal rangelands (Ayantunde et al. 2011). Against this
historical backdrop, dryland areas face a multitude of chal-
lenges, including climate variability and change, an acceler-
ated demand for livestock products due to human
population growth, continuing urbanization and changing
food preferences, limited possibilities of increasing livestock
productivity, and increasing pressure from the expansion of
agriculture into grazing lands (Catley et al. 2013; McDermott
et al. 2010; Mortimore et al. 2009; Sumberg and Thomson
2013; Thornton 2010). There is subsequently a need for
sustainable intensification of livestock production in the sub-
Saharan drylands (Havlik et al. 2014; Herrero et al. 2012).
One of the most powerful ideas to emerge in relation to
the need for sustainable intensification in the drylands is the
Livestock Revolution (Delgado et al. 1999) denoting the on-
going and projected accelerated growth in demand for live-
stock products in the developing world due to human
population growth, rising incomes, continuing urbanization
and changing food preferences. With expectations of better
nutrition and health as well as an effective pathway towards
ecologically sustainable poverty alleviation of hundreds of
millions of small-scale producers, the Livestock Revolution
describes a general transition characterized by a trajectory
from a) nomadic to sedentary lifestyles and production sys-
tems; b) subsistence to intensified, commercial production;
and c) collective to private land tenure (Delgado et al. 1999;
McDermott et al. 2010; Sumberg and Thomson 2013).
Recent research confirms rapid and dynamic transition
processes towards intensified, as well as diversified, agro-
pastoralist production systems in East African drylands.
Driven by local needs to adapt to demographic pressures
and the subsequent need to intensify the use of limited land
and water resources, the emerging agro-pastoralist systems
are responding to technological advancements, changing
governance structures and emerging market opportunities
based on a diverse and wide range of alternative livelihood
strategies (often pursued in combination), including com-
mercial farming; increased marketing of livestock, dairy
products and hides; entrepreneurship through different types
of businesses and shops, wage labour and salaried employ-
ment; and petty commodity trade (Beyene 2009; Catley et al.
2013; Gichero et al. 2012; Greiner et al. 2013; Lambin et al.
2003; Mwangi 2007; Wangui 2014; Woodhouse 2003). How-
ever, the extent to which the observed transition processes
constitute a pathway to sustainable intensification of drylands
is an intensively debated question (e.g. Beyene 2014; Catley
et al. 2013; Greiner et al. 2013; Schmidt and Pearson 2016).
Enclosures
An increasingly common feature of land use change in
dryland Sub-Saharan Africa is the enclosing of land in order
to, for example, increase productivity of livestock and
alleviate poverty (Mureithi et al. 2015; Verdoodt et al. 2010),
protect crops, arrest land degradation and improve carbon
(C) sequestration (Lal 2004; Mekuria et al. 2011). The prac-
tice of enclosures in East Africa covers a wide range of man-
agement techniques from the physical fencing off of smaller
parcels of land for private or communal (Damene et al.
2013; Mureithi et al. 2015; Verdoodt et al. 2010; Wairore et
al. 2015a; Yaynshet et al. 2009) purposes to more implicit
social contracts regarding the use of larger areas of commu-
nal land (Barrow 2014; Monela et al. 2005), also common in
West Africa (Moritz 2012). In some areas, enclosures con-
stitute a traditional management tool, and in other areas,
enclosures were introduced in order to rehabilitate degraded
rangelands. What is new, however, is the increasingly com-
mon use of enclosures as a way of privatizing communal
land, driven by a combination of increasing restrictions on
livestock mobility due to population increase, emerging and
expanding markets for livestock and agricultural products,
and conflicts around resources in arid and semi-arid areas
(Bernstein et al. 2003; Beyene 2009; Catley et al. 2013;
Napier and Desta 2011; Woodhouse 2003).
The practice of enclosing communal land can be seen as
an important management tool for sustainable intensifica-
tion of drylands within the general framework of a market-
driven livestock revolution (Angassa and Oba 2010; Catley
et al. 2013; McDermott et al. 2010; Verdoodt et al. 2010;
Woodhouse 2003). For example, considering the vast areas
of drylands and their current state of degradation, there is a
huge potential to sequester C into these systems and simul-
taneously make them more productive (Neely et al. 2009).
In Africa, 59 % of the total C stock is held in drylands
(Campbell et al. 2008; UNEP 2008). Improvements in range-
land management, for example, through enclosures, have
the potential to sequester 1.3 to 2 gigatonne carbon dioxide
equivalents (Gt CO2eq) worldwide to 2030 (Smith et al.
2007). However, to be able to include livestock-based agro-
pastoral drylands into the international C sequestration
discourse and the associated potential payment schemes, a
detailed understanding of C dynamics in different forms of
enclosure management regimes is needed.
As an estimated 70 % of the world’s poorest rely on income
from pastoralism and agro-pastoralism, changes in vegetation
and its associated ecosystem functions through the use of en-
closures will have an immediate effect on their livelihoods
(Thomas 2012). Vegetation ecological dynamics in drylands
are often referred to as following either equilibrium or non-
equilibrium paradigms, where the former largely is governed
by biotic factors, such as grazing pressure and partial rest,
while the latter is governed by abiotic factors like rainfall and
especially the variability of rainfall. However, these two para-
digms might not be entirely exclusive (Briske et al. 2003;
Müller et al. 2007; Vetter 2005). Wildlife numbers decreased
by 67 % between 1977 and 2013 in Kenyan rangelands in
general and by 98.5 % in West Pokot. Simultaneously, there
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has been a decrease by 26 % of cattle and a slight increase
(4 %) in goats and sheep in West Pokot (Ogutu et al: Ex-
treme wildlife declines and concurrent increase in livestock
numbers in Kenya rangelands, submitted). The livelihood im-
plications of enclosures have been a topic for a number of re-
cent case studies across East Africa and indicate negative
social impacts in terms of erosion of traditional, collective
property rights, emergence of conflicting interests over land
and water resources and a gradual transfer of assets from
poor to wealthier households (Angassa and Oba 2008;
Beyene 2009; Beyene 2010; Lesorogol 2008; Napier and Desta
2011; Woodhouse 2003). In order to overcome the present
fragmented state of knowledge on enclosures, where poten-
tial ecological and economic benefits are contrasted with the
fear of negative social consequences, there is a need for
multi-disciplinary research with a capacity to uncover
situation-specific human and socio-environmental dynamics
of emerging agro-pastoralist systems.
Aim and objectives
This paper presents results from a multi-disciplinary analysis
based on the Livestock Revolution trajectories (Delgado et
al. 1999) that explores the role of enclosures in a 30-year
transformation process of land, livestock and livelihoods in
dryland West Pokot, Kenya. We hypothesize that the use of
enclosures as a land management tool is key in this process
and, as consequence, argue that the management of the en-
closures is of fundamental importance for the sustainability
of this transformation. The overall aim is to contribute to
the general understanding of the ongoing transition from
pastoral systems towards intensified, agro-pastoralist pro-
duction systems in dryland East Africa. The paper is guided
by the following specific objectives to:
1. Quantify the extent, management and use of enclosures
2. Determine the effect of enclosures on vegetation
cover, plant productivity, plant diversity and soil
organic matter
3. Explore how the transformation of land through the
use of enclosures relates to changes in livelihoods.
Study area
The study area, West Pokot County, is located in north-
west Kenya and bordering Uganda (Figure 1). Since
2013, West Pokot is one of the 47 counties in Kenya that
Figure 1 Location of West Pokot County, Kenya, with from the west (Ugandan border) Kongelai and Chepareria encircled in red, modified from
WFP/WAM Kenya, 2005
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were established by the 2010 Constitution of Kenya. The
county has a population of 512,690 (2009 census) and an
area of 8,418 km2 (County Government of West Pokot
2013). West Pokot has very varied altitudes and thereby
large variation in climate and agro-ecological zones. The
rainfall varies from 400 mm (lowlands) to 1,500 mm
(highlands) per annum, and the annual mean temperature
ranges from a minimum of 10 °C to a maximum of 30 °C
in different parts of the county (http://www.westpokot.-
go.ke/). The dominant farming and livelihood system in
major parts of West Pokot is pastoralism, while in the
southern-central parts with higher altitudes and more
rainfall agro-pastoralism and mixed farming is common
(NDMA 2014; Figure 1).
In the late 1980s, the non-governmental organization
(NGO) Vi Agroforestry introduced enclosures and
agroforestry for land rehabilitation and increased
productivity in Chepareria division in West Pokot
(Makokha et al. 1999). West Pokot is a pastoralist re-
gion facing challenges such as increased food demand
because of growing population and changes in con-
sumption patterns, climate change, water scarcity and
globalization. Adoption was initially slow, but after
some successful demonstrations and intensive exten-
sion, the new practices were widely adopted by local
livestock owners. This coincided with land tenure changes,
i.e. more individualized land user rights (Wairore et al.
2015b) Nowadays, 30 years later, enclosures dominate the
landscape in Chepareria. In the neighbouring division of
Kongelai, the Vi Agroforestry initiative came in later, with
less intensity and shorter duration. Much of the develop-
ment seen in Chepareria is largely unseen in Kongelai.
In both divisions, the NGO activities were phased
out in 2001 (Kitalyi et al. 2002).
Local residents, authorities and development workers
all testify that following the introduction of enclosures
there have been dramatic changes in land use. This
has been seen through increase in vegetation cover
and decrease in land degradation and in livestock
management with more enclosures for regulated graz-
ing and introduction of improved breeds. During the
same period, the area has undergone rapid develop-
ment of infrastructure through roads, markets and
primary as well as secondary schools. Enclosure of
land for restoration, protection and management of
pasture (with individual land tenure) in the drylands of
West Pokot could be one driver of socio-economic
development.
The field studies have mainly focused on the central
and western parts of West Pokot - the division of
Chepareria with reference studies carried out in the div-
ision of Kongelai (Figure 1). In Chepareria, the studies
cover the villages Yewaleteke, Pserum, Morbus and
Chepkopegh. The field study areas are all located in the
lowlands of West Pokot where the altitudes are between
1,100 and 1,500 m above sea level. The altitudes in
Kongelai are somewhat lower than Chepareria. In the
field study areas, the rainfall is bimodal with annual pre-
cipitation of 700 to 1,000 mm.
Methods
Research for development platform on Land, Livestock
and Livelihood (Triple L)
Triple L (Land, Livestock and Livelihood, www.triplel.se)
is a research for development platform with focus on
transformation of East African drylands and was initiated
2013. Triple L consists of national and international re-
searchers, local authorities, development workers (NGO),
farmer representatives and extensionists (field advisors),
and the platform has organized stakeholder workshops,
field visits, capacity development and initiated students’
research projects. This paper is a result of the Triple L
workshops and research projects carried out in West
Pokot 2013 to 2014. Population and rainfall data was col-
lected from the Kenya National Bureau of Statistics
(http://www.knbs.or.ke/).
Vegetation and land use change assessment
To assess a possible change in vegetation over time
(2001 and 2014) and between places (Chepareria and
Kongelai), 24 MODIS (MOD13Q1) Normalized Differ-
ence Vegetation Index (NDVI) satellite images were
collected from the USGS Earth Explorer database at a
spatial pixel resolution of 250 m as 16-day composites,
consisting of the highest value for each pixel over a 16-
day period. Twelve images, one from each month, were
used for each year to get the whole vegetation cycle. The
NDVI is a normalized ratio of the near infrared (841 to
876 nm) and red (620 to 670 nm) bands, which is often
used as an index to reveal seasonal and/or inter-annual
changes in vegetation. Due to the strong relationship be-
tween NDVI and vegetation production, NDVI can be
used as a proxy for net primary production (NPP)
(Fensholt and Proud 2012). The NDVI range is from −1
to 1 and is related to the chlorophyll activity, which can
be an effect of increased density or cover giving a higher
NDVI value. The vegetation definition used in this as-
sessment refers to vegetation at large without excluding
any primary vegetation production process, meaning
that not only enclosures are assessed. To identify areas
of increased or decreased vegetation in the areas, pixels
of yearly NDVI sums and mean were compared between
2001 and 2014. This gives an indication of change without
quantifying how large the change is (Ostwald et al. 2007).
Further, mean and standard deviation (st.dev) of the
NDVI value were calculated for the 2 years and between
the two areas.
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Field studies
Use of enclosures
Data on the use of enclosures was collected using ques-
tionnaires administered to 20 randomly selected house-
holds from each of the four villages in Chepareria division
(n = 80). The households were selected based on a list of
all households in each village, provided by local chiefs.
Land use, livestock, vegetation and carbon analyses
To assess the land use within the enclosures, farm size and
number of livestock per household semi-structured interviews
(n= 120) in the same four villages in Chepareria division were
administered during 2014. Respondents and enclosures were
randomly chosen from lists of farmers with enclosures.
Vegetation assessments within (n=17) and outside (n=12)
enclosures were done in 10 1-m2 random plots for vegetation
cover (%) and in the same 10 1-m2 plots, in 2 10-m2, 1 100-
m2 and 1 1,000-m2 plots within Modified Whittaker plots
(Stohlgren et al. 1995). Soil samples from different age classes
of enclosures (0 = open grazing, 2 to 5 years, 7 to 12 years,
>15 years) were taken, and one sample consisted of a compos-
ite of three samples from each plot, in six replicates. For car-
bon analyses, soil samples were in 20-cm intervals down to 1-
m depth and was analysed by mid-infrared (MIR) spectrom-
etry (Bruker Tensa 27) at the ICRAF laboratory in Nairobi
(Aynekulu et al. 2011). Also, the soil study assessed vegetation
cover (in %) in 100-m2 plots around the soil sampling spots,
n= 18 inside respective n=6 outside enclosures. Enclosures
were randomly chosen in different age categories from Vi
Agroforestry lists, and the adjacent open area was chosen as
reference. Statistical differences were analysed with SPSS.
Livelihood changes
We have qualitatively analysed changes in livelihood strat-
egies through 131 semi-structured interviews (60 % with
men and 40 % with women) and seven focus group
interviews (four with only women and three with only
men) in Chepareria division conducted between 2012 and
2014. Semi-structured interviews as a method made it pos-
sible to comparatively address the same themes and con-
cepts across ecological zones, administrative boundaries
and socio-economic conditions, while still allowing for
probing into individual experiences and perceptions. The
focus group interviews provided a tool for stimulating a
discussion on changing livelihoods and gender roles with a
focus on both female and male experiences (Bryman 2012).
Results
Population development
Population increase in dryland related to rainfall indicates
the pressure on land. Machakos County had similar popu-
lation densities in 1979 as West Pokot in 2009 (Figure 2).
In West Pokot, the population has increased tenfold in
West Pokot between 1960 and 2009, and it has more than
doubled between 1989 and 2009, (Table 1) in contrast to a
fivefold increase in national population during the same
period (from 8 million to about 40 million 1969 to 2009).
West Pokot County population shows a continuous
Figure 2 Log population densities (y-axis) versus annual rainfall (mm/year, x-axis) in Kenyan districts/counties (Nairobi and Mombasa excluded) in
1979 and 2009. Note that West Pokot is in 2009 where Machakos was in 1979 in terms of population density. The lower regression line is for
1979, the upper for 2009
Table 1 Population development in West Pokot; note that
discrepancies, marked italic, are due to changes in division/
location boundaries
1960 1970 1979 1989 1999 2009
Population
Kongelai 7,616 14,002 24,895 35,128 20,076 27,527
Chepareria 10,738 19,901 35,531 50,566 68,003 41,563
West Pokot 50,828 91,883 162,210 229,917 307,194 512,690
Population density (persons/km2)
Kongelai 10 19 34 48 27 38
Chepareria 7 13 24 34 45 28
West Pokot 6 10 18 26 35 58
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increase unlike discrepancies in divisional populations
(Table 1) which are caused by changes in internal adminis-
trative boundaries.
Vegetation and land use change
From the MODIS NDVI analysis, it is possible to see a
change in vegetation (chlorophyll activity) from 2001 to
2014 (Figure 3); only 5 % of the area is the same in terms of
vegetation in 2014 as compared to 2001 (Table 2). The envir-
onment has seen an increase in vegetation over 82 % in this
part of West Pokot, where Chepareria and Kongelai have 86
and 75 %, respectively (Table 2). The area of decreased vege-
tation is concentrated around the mountain areas. Kongelai
has a decrease of vegetation in 19 % of the area as compared
to Chepareria that only has a decrease in 10 % of the area.
Hence, this area of West Pokot has experienced a general
increase in chlorophyll activities since 2001, which could
have several causes that we are not able to single out here.
Changes in rainfall patterns, temperature, land use or
management are all likely drivers to this vegetation change.
Figure 3 Change in vegetation (chlorophyll activity) in West Pokot from 2001 to 2014 based on NDVI analysis of 24 MODIS images (one from
each month). Image pixel size 250 m
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The NDVI values in Kongelai are lower than in
Chepareria and in both divisions combined for both total
sum and mean for both the years (Table 2). As indicated by
the change analysis, there is an increase in the total sum and
mean of NDVI from 2001 to 2014. The difference is greater
in 2014 (mean of 2014 mean: 0.55 in Chepareria and 0.45 in
Kongelai) than in 2001 (0.5 in Chepareria and 0.43 in
Kongelai). The mean values are higher in Chepareria than in
Kongelai, even in 2001, meaning that the difference in
vegetation between the two divisions is older than 2001. The
causes have to be sought from processes before 2001, where
the enclosure introduction in the 1980s is one possible
explanation. The standard deviations are overall greater in
Chepareria than in Kongelai, which indicates that there is a
higher variety or spread of vegetation intensity in Chepareria.
Ecological effects of enclosures, and land use assessment
Enclosures enables both crop cultivation through protection
from stray grazing animals and controlled rotational grazing.
Eighty-nine percent of farmers in the four sample villages in
Chepareria have enclosures on their farms (n = 80).
Almost all (99.2 %) farmers with enclosures in four villages
in Chepareria division (n= 120) combine livestock and some
cultivation agriculture. However, 80 % of the farm land is
used for livestock and 20 % for crops; the average farm size
is 5.4 ha. Only one farmer depended on crop cultivation
alone. Seventy-eight percent state that livestock is the most
important component in their agricultural mix.
Soil organic carbon (SOC) was 30 % higher in the top
20 cm inside enclosures as compared to outside (p < 0.05).
This increase in SOC was consistent, although not signifi-
cant (on the p < 0.05 level), down to a soil depth of 80 cm
for enclosures <15 years. The same pattern could not be
observed in the older enclosures (>15 years). This could
be due to that the oldest enclosures were established on
the worst areas initially (with extremely low SOC at the
time) and/or that the management of these old enclosures
had been neglected. There were no significant differences
on the total carbon storage in tonne per hectare. Vegeta-
tion cover was found to be 40 % higher inside enclosures
than on adjacent open areas (Figure 4).
Livestock
Poultry was owned by 74 % of the farmers, but not
quantified. Average number of cattle and shoats, with
quite high variation, among the 120 interviewed farmer-
sis reported in Table 3.
The importance of livestock was further underlined by
the sales of animals during 2013 where 86 % of the
farmers with enclosures sold cattle and 87 % sold goats.
Compared to that, only 15 % of the farms reported sale
of milk. Only 34 % sold crop grains (although 100 % cul-
tivated some maize) and 74 % sold chicken. Of the aver-
age farm size of 5.4 ha, 4 ha was devoted to livestock
production and 1 ha to crop production, while 0.4 ha
was for house compound. Income from the sale of live-
stock is used as a buffer for large and unexpected costs,
e.g. school costs. On average, livestock and livestock-
related production generated 2.5 times more annual
income than crop agriculture. There have been introduc-
tions of new breeds of livestock by the Ministry of Agri-
culture. Both indigenous breeds (e.g. Zebu, Red Maasai
sheep, East African goat) and crosses with exotic breeds
(e.g. Holstein Friesian, Galla goat, Dorper sheep) were
observed, but almost no pure exotic breeds.
Enclosures and livelihood changes
In all four villages studied, respondents associated the prac-
tice of enclosures with changing livelihood opportunities
and constraints. Firstly, almost all interviews stress that live-
lihoods have become less dependent on livestock mobility
in order to access pastures due to the enclosures and that
livestock production is increasingly being complemented by
production of crops. Secondly, enclosures are seen as in-
strumental in order for households to use land for agribusi-
nesses that includes commercial livestock and agricultural
production, and in some cases also the buying, selling and/
or renting of land. Thirdly, both male and female respon-
dents especially highlighted the changing opportunities and
constraints for women that have accompanied the intro-
duction of enclosures in Chepareria. Traditionally, and in
many cases still today, the role of women is defined as
‘inside the community’, having a more sedentary role close
to the homestead than men. Men in contrast have been de-
fined as being more mobile, ‘moving inside and outside the
community’. When the Vi Agroforestry started to introduce
the practice of enclosures in the 1980s, the sedentary role
Table 2 Vegetation index analysis between Chepareria, Kongelai
and both districts for 2001 and 2014 (total sum and mean)
Chepareria Kongelai Both areas
km2 1,525 762 2,287
Change in NDVI from
2001 to 2014 (km2 (%))
Decreased 148 (10) 145 (19) 294 (13)
Unchanged 65 (4) 47 (6) 112 (5)
Increased 1,312 (86) 571 (75) 1,881 (82)
NDVI 2001 (total sum) mean 6.04 5.12 5.73
St.dev 1.26 1.22 1.54
NDVI 2001 (mean) mean 0.5 0.43 0.48
St.dev 0.11 0.1 0.13
NDVI 2014 (total sum) mean 6.57 5.41 6.19
St.dev 1.2 1.12 1.3
NDVI 2014 (mean) mean 0.55 0.45 0.52
St.dev 0.1 0.09 0.11
NDVI values range from −1 to 1
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of women ‘inside the community’, and their responsibility
for household food subsistence, made them more willing to
embrace the new land use techniques and eventually be-
came early adapters of enclosures in the form of kitchen
gardens. The narratives of land use transformation told by
both male and female respondents indicate that the intro-
duction and use of enclosures has contributed to increasing
the status of women within the community and opening up
for new, female-dominated livelihood strategies. For ex-
ample, poultry production, which is not part of the trad-
itional Pokot livelihood strategies, is today a livelihood
activity dominated by women, providing an income-
generating activity for 74 % of the studied households. It
was frequently referred to by the respondents as an activity
that can be practised even by the poor and vulnerable in
the community, owing to its low start-up costs and its short
payback period.
The livelihood changes associated with enclosures de-
pend on an ongoing privatization of land. Officially, land
is registered under different statutory and customary
tenure through individual title deeds, group ranches, trust
land and government land. While the upper areas of
Chepareria hold individual title deeds, the group ranches
and trust land of the lower areas have and continuously
continue to be sub-divided into privately enclosed land
based on informal contractual agreements to secure their
properties. On group ranches, residents are registered
under group ranch title deeds that officially imply legitimate
access to the whole group ranch land. However, as people
have sub-divided and privatized group ranches with infor-
mal ownership agreements, people are not allowed to
trespass on private properties and the enclosures work
effectively as a demarcation of this property. The same
conditions apply on trust land that is officially registered to
allow for traditional communal tenure practices.
On group ranches and trust land, people expect and
anticipate to be eventually issued official individual title
deeds but not because of reasons for increased tenure
security but to be eligible for bank loans. Along with the
ongoing privatization of land comes its commodifica-
tion. Our findings indicate the new phenomenon of an
active land market in Chepareria. People sell or lease
out parts of their land to earn money to cover school or
medical costs, to purchase food during droughts or
famine, or when they have few animals. Some people
Figure 4 Photos from open and enclosed areas from the study on soil carbon and vegetation cover. C, control, open grazing; P, pasture,
i.e. enclosed area; (A) 2- to 5-year-old enclosure; (B) 7 to 12 years old; (C.) >15 years old
Table 3 Farm size and livestock per household (n = 120)
Mean Min Max St.dev
Farm size (ha) 5.4 0.4 24.3 4.5
Cattle 8 0 42 7
Shoats (=goats + sheep) 21 2 96 17
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sell their whole land in order to purchase land in an-
other, often more fertile, area, or to settle in town and
start a business. In areas with title deeds, respondents
mentioned that some people lease out their land to
sustain themselves through financial means rather than
to cultivate for subsistence.
However, the use of enclosures as part of an ongoing
privatization of land does not only provide opportunities
for new livelihood strategies. Many of the respondents
told stories about people who do not have access to
enclosed land and who have to resort to unsustainable
harvesting of firewood on government land to make
ends meet, and of emerging conflicts in the form of
boundary disputes, livestock trespassing on enclosed
land and internal family disputes related to land use and
land ownership.
Discussion
In Machakos, land degradation and population pressure in-
stigated a transformation to more commodified agriculture,
including enclosures, in the 1950s, 1960s and 1970s
(Jordan 1957; Pereira and Beckeley 1952; Tiffen et al.
1994), a transformation that was less degrading of the
land as reflected in the title of Tiffen et al.’s book More
People – Less Erosion. Although we did not measure
erosion as such, we did measure some reciprocal pa-
rameters; the increases in vegetation cover and soil C
inside enclosures, which were found by for example
Damene et al. (2013) in Ethiopia and Mureithi et al.
(2014) in another area of Kenya, as well as the increas-
ing populations, and the extent of enclosure use in
Chepareria, indicate that the title of Tiffen et al.’s book
(1994) might be true also in this area.
The results presented above indicates that the increas-
ingly common practice of enclosing land has taken place
in parallel with a general increase in vegetation as well
(as indicated by NDVI) from 2001 to 2014 in the two di-
visions included in the analysis. Furthermore, the in-
crease is more significant in the Chepareria division,
where the enclosing of land has a longer history and is
more widely adopted. However, further studies are
needed in order to empirically and systematically relate
the practice of enclosures to the general increase in
vegetation. This general increase in vegetation is how-
ever consistent with the results of our assessment of the
ecological effects of enclosures, which shows that enclo-
sures are associated with higher soil-organic carbon and
vegetation cover than adjacent open grazing land. Al-
though we did find significant increases in top soil C
content, we cannot conclude that there was a change in
total carbon storage since the bulk density of the soil from
different depth and enclosure ages varied very much, and
hence, the sampling procedure of this study, with six repli-
cates and each replicate being the bulk of three sub-
samples, might not have detected such changes. This
implies that more sampling is needed to detect changes
over time of total carbon storage, which is so much
needed in the international C sequestration discourse. The
higher vegetation cover inside the enclosures provides a
first indication that the practice of enclosing communal
land in Chepareria and Kongelai has the potential to func-
tion as a management tool for sustainable dryland intensi-
fication (Angassa and Oba 2010; Catley et al. 2013;
McDermott et al. 2010; Verdoodt et al. 2010; Woodhouse
2003). However, in order to move from indications to con-
clusions, these practices have to be followed for many
years, through economic and management changes and
through a time span of climatic variability, as well as in-
clude longitudinal data on vegetation composition and
diversity.
We have furthermore been able to show that while an
overwhelming majority of the farmers in the study area
in Chepareria use the enclosures for a combination of
livestock and crop production, livestock remains the
most important component. We do also note that the
relative success farmers have had with enclosures also
leads to the need for new knowledge (e.g. technical, on
management) that did not exist before. This accentuates
the need for further development and research. In gen-
eral, the study area seems to follow equilibrium rather
than non-equilibrium dynamics (Derry and Boone 2010;
von Wehrden et al. 2012) as indicated by the relative
high precipitation (700 to 1,000 mm/year), the low CV
of rainfall (around 20 according to Global map in von
Wehrden et al. 2012) and the responsiveness to manage-
ment. Rather than ecological concepts on equilibrium or
non-equilibrium dynamics, concepts like risk aversion,
diversification, management adaptability, resilience, ro-
bustness and sustainability (Accatino et al. 2014; Quaas
et al. 2007; Robinson et al. 2015) might be more relevant
in these de facto managed systems.
In addition, the results show that the practice of en-
closing the land, in both direct and indirect ways, can be
linked to socio-cultural, tenure and socio-economic
changes in the study area. It seems to have formed an
opportune part in the general local development towards
increasing inclusion of the study area into an increas-
ingly sedentary and monetary economy and subsequent
changes in land use in order to meet the increasing
demand for financial capital (Wairore et al. 2015a; Catley
et al. 2013). The results also point at the importance of
gender in relation to the practice of enclosures. Not only
in terms of the importance of women as early adapters
of enclosure management, but also how the introduction
of enclosures has contributed to the emergence of a
‘female economy’ that has increased women’s economic
status. This development is in line with a general devel-
opment trajectory in pastoralist East Africa, where
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households find themselves in a situation where both
genders need to contribute in all possible ways to the
household economy through cash-generating activities
(Wangui 2014). Nevertheless, while women have gained
increased decision-making as well as economic power
in many areas of life, the livestock with the highest
economic value, cattle, is still a male space.
Furthermore, our results points at a complex process
where privatization does not necessarily imply private
land ownership, and which at least temporarily, pro-
vides space for the co-existence of land under formal,
private title deeds; privately tenured land under com-
munal ownership; and land under communal tenure
and ownership (Lesorogol 2008).
Conclusion
Overall, the analysis presented in this paper offers an
empirically-based example that speaks to the generally
assumed trajectory from nomadic, subsistence-based
pastoralism towards sedentary, market-oriented, agro-
pastoralist production systems (Delgado et al. 1999;
McDermott et al. 2010; Sumberg and Thomson 2013).
As such, it adds to the present lack of multi-disciplinary
insights from context-specific development dynamics in
pastoralist, dryland areas in East Africa.
On the one hand, and confirming previous studies, en-
closures seem to provide opportunities for a more product-
ive and profitable livestock production where diversified
income streams are possible, and at the same time contrib-
ute to increased vegetation cover and soil organic carbon
(e.g. Mureithi et al. 2015). Furthermore, enclosures seem
to form part of rapid and, in most parts, positive change in
gender relations. On the other hand, the practice of enclo-
sures is also related to emerging conflicts and inequalities
in relation to land. However, in order to more firmly and
systematically assess the sustainability outcomes of enclo-
sures and the ongoing transition towards sedentary,
market-based agro-pastoralist livelihoods, further studies
are needed. The analysis does however illustrate the im-
portance of recognizing and accounting for local, alterna-
tive pathways and strategies within the general transition.
We argue that it is the room for and nature of such local
pathways and strategies that will determine the sustainabil-
ity outcomes of the ongoing transition and land use trans-
formation in dryland areas across East Africa.
The transformation from pastoralism to a livestock-
based agro-pastoral system, where enclosures are an in-
tegrated part of the land use management, may hence
represent a sustainable and productive development and
transformation that could be a valid way forward in
many dryland areas, especially in sub-Saharan Africa.
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